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Yanagi, N., Yamamoto, J. , LHD Group 
Pool-cooled composite-type superconductors 
with NbTi superconducting strands and copper 
and pure aluminum stabilizers have been devel-
oped for the superconducting helical coils of 
Large Helical Device (LHD). In 1993, we suc-
ceeded in the development of a superconductor 
that will meet the required specifications for the 
helical coils. The cross-sectional view of the su-
perconductor (named K.IS0-32) is shown in Fig. 
1, and the main parameters are listed in Table 1. 
It has a cross section of 12.5 by 18 mm and a 
nominal current of 13 kA at the Phase I operation 
condition (maximum field on the conductor is 6. 9 
T) . Superconducting strands are twisted and 
formed into a Rutherford-type flat cable. The 
pure aluminum ( 5N) is co-extruded with a Cu-
2%Ni clad, instead of a conventional OFC clad, 
to reduce the Hall effect 1) and to raise the cryo-
genic stability. The copper sheath is thick enough 
to withstand the large electromagnetic stress of 
up to -100 MPa. Its cover is electron beam 
welded to ensure the mechanical toughness for 
the 3-D winding process of the helical coils. The 
conductor surface is oxidized to improve heat 
transfer coefficient to liquid helium. 
Various tests have been carried out2) to 
evaluate the properties of this superconductor. 
The experiments have been conducted using the 
superconductor test facilities with a 9 T split coil, 
1 00 kA current leads and 7 5 kA DC power 
supplies. Figure 2 shows a typical sample with 
two conductors, each 2 m long, that are soldered 
together at the bottom. Some of the conductors 
were mechanically treated to simulate the real 
conductors in the helical coils. The sample was 
vertically inserted into the split coil which has a 
90% flat top field region of about 250 mm. 
Voltage taps, temperature sensors and heaters 
are attached on the conductor surface which has 
an exposure rate of 50% (with GFRP spacers) in 
the standard tests. We have carried out a series 
of experiments on this superconductor and ob-
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tained satisfactory properties against the severe 
requirements for the helical coils. 
Now preparing for the coil winding, super-
conductors with the total length of more than 3 6 
km are under fabrication. We have also devel-
oped a new technique for conductor joints which 
could reduce the heat generation much less than 
that of conventional lap joints. 
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Fig. 1. Cross-section of the superconductor. 
Table 1. Main parameters of the superconductor. 
(Top) 
Superconducting Material 
Number of Strands 
Diameter of Strand 
Number of Filaments 
Diameter of Filaments 
Critical Current Density 
at 7 T, 4.4 K 
Resistivity of Aluminum 
at 7 T, 4.4 K 
Nominal Current 
at Phase I operation 
at Phase II operation 
Center 
of Coil 
Cu Bar 
I. 1970 mm 
NbTi 
15 
1.74 mm 
726 
47 f-Ull 
1360 Nmm2 
3.8 x 10 -11 Qm 
13.0 kA 
17.3 kA 
Soldered I region I 
, 400 mm: 
Fig. 2. Typical sample for the conductor tests. 
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